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EOS PROCESS DESCRIPTION 


Exxon Research and Engine-srixsg is de- 
veloping a donor solvent coal liquefaction 
process to produce loir-sulfur liquid prod- 
ucts froo ^ wide range of coals. The 
primary goal is to achieve a state of 
commercial readiness by 1982 through an 
integrated prog ran of laboratory and engi- 
neering research and development in con- 
junction wi*h operation of a 250 T/D pilot 
plant. This presentation will discuss the 
basis :oi •‘his deve I'/oeot project and the 
status of the procram. 

iifmmrCTfn.j 

Exxon nas laccn doing rtwrch on coal 
• iouotoc-l mni for eleven >* »r.%. Early in 
the program aany different J| j rojeheb to 
liquefying coal were explore- 4 and tested . 
The goal was to define a process that 
would be relia : and operable on cany 

different kind jf coal, and that would 
have a high pr ^ability for successful 
development, by late 1973 the Exxon Donor 
Solvent (HIS) r rocess was defined and 
early in 1974 ,i:i aggressive research and 
development pr f :ran was launched to bring 
the EDS procc< co mm e rcial readiness. 

Since Janu^r- IT76 the project has been 
jointly funded by Exxon, the Electric 
Power Research Institute, Atlantic Rich- 
field Company, Phillips Petroleum Company, 
and rhe ^.S. Department of Energy. 

EDS PROJECT COALS 

The «jcm I «!* I h«- KDS mil I ieue-l aet ion 
project as In develop the _ Khvss to a 
state of commercial readiness, i.e., the 
technology will be available at the end of 
the project to design and build a full- 
scale, pioneer commercial plant with a 
reasonable and acceptable level of risk. 
The term "commercial readiness" has broad 
implications and for a new technology such 
a» eo.il liquefaction defends on a n» nber 
ol factors. These factors include the 
nature of the new technology, the assess- 
ment of alternate development routes, the 
technical capability of the organization 
that will design the pioneer commercial 
plant, the level of risk in the pioneer 
plant that is acceptable to the owner, and 
the incentive for early commercialization. 
The evaluation of these factors, ir combi- 
nation re cr.other, will determine 

t*e * ;cr. fo* reaching commercial 

■g ’*i» r.ar technology. 


The EDS process is illustrated schemat- 
ically in Fig, 1. The feed coal is 
crushed, dried* and slurried with hydroge- 
nated recycle solvent (the donor solvent! 
and fed to the liquefaction reactor in 
admixture with gaseous hydrogen. The re- 
actor design is relatively simple: an 

upward plus flow design operating mod- 
erate conditions of 800-900*F and about 
2009 psi total pressure The reactor 
effluent is separated by a series of con- 
ventional distillation steps into a re- 
cycle solvent depleted of its donor 
hydrr.i|on, light hydrocarlM»tt *|.»si»s, i“ t " 
IOOO*K distillate*, and •> licavy v.i»tiim 
bottoms stream containing !000~K* liquids, 
unconverted no I , and coal phih-i.iI mallei. 
The spent recycle solvent is cat a I yt hm 1 1 y 
hydrogenated in a conventional fixed bed 
catalytic reactor. The light hydrocarbon 
gases are steam reformed to produce the 
necessary process hydrogen. 

The heavy vacuum bottoms stream is fed 
to a FLEXICOXINH* unit along with air anJ 
steam to produce additional distil I'd 
liquid products and a low Dtu fuel gas. 
This fuel gas is used in the furnaces re- 
quired to operate the process. FLEX ICC IC- 
ING is a commercial petroleum process that 
employs an integrated coking/gasification 
sequence in circulating fluidized beds. 

In this process > the unit is operated at 
low pressure ( r 1 psi) and intermediate 
temperatures (900-1 : 30*F in the coker anc! 
1500-1800*F in the gasifier). Ilssent i illy 
all organic material m the v.ictm*" I < »t t c«ns 
rod t » KI.!.XIO»KIM*i is rccnv**t «d ax I i* tiitl 
pioJuct or conlmst iblc gases. Kestdinil 
carbon is rei**ctod with the ash from the 
gasifier fluidized bed . 

The EDS process has a number of dis- 
tinrt features. The process steps are 
based on demonstrated petroleum technology 
where appl ic.ihh*, and are manageable and 
uncompl icati-i* The nnneatalyt it* I i«.u«* fac- 
tion and catalytic hydrogenat ion steps are 
separated. As a result the hydrogenat ion 
catalyst is exposed to only distillate 
coal liquids. This results in very low 
catalyst deactivation rates and also 
allows direct control of the amount of 
hydrogen actually added tc the coal 
through the donor solvent. The use of a 
properly tailored donor solvent h^s sub- 
stantial benefits in process operability 
and produc- euaiitv. 
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Distillation to separate liquefaction 
products is the most con effective Method 
and provides direct control over the prop- 
erties of the separated nrtus. This 
control is of critical importance when 
pumping hiqh viscosity vacuum bottoms 
streams to FLEX I COKING unit. 


EOS PRODUCT DISTRIBUTION 

Tto^ products from liquefying Illinois 
hitusuqous cod', are shown in Fig. 2. One 
ton of dry bituminous coal will yield 2.6 
barrels of liquid products — 0.1 barrel of 
LFG* a barrel of naphtha and 1.5 barrels 
of fuel oil. These yields are in beeping 
with the constraint of carbon balance to 
produce process fuel and hydrogen. The 
naphtha is a good feedstock for gasoline 
production and the fuel oil can be u ed in 
stationary turbines for peak shaving ven- 
eration of electric power and as heating 
oil and boiler fuel. The process also 
produces 73 pounds of sulfur* 12 pounds of 
asmonia and 223 pounds of ash per ton of 
coal feed. 

PROJECT FEATURES INTIXUIATED RAD PROGRAM 


The EDS project features an integrated 
RaD program involving bench scale research 
and a number of pilot plants of different 
sizes. Fig. 3 illustrates the reproduci- 
bility of the aa* Liquefaction distil- 
late liquid yields (expressed as weight 
percent of dry feed coal) is plotted 
against the residence time of the slurry 
in th' liquefaction reactor. The data are 
for Illinois #6 coal at 840*F and 1500 psi 
hydrogen parti •! pressure. Each of the 
data points represents an average of four 
24 -hour balance periods of steady-state 
operation at the indicated conditions and 
with material balances of 98 to 102%. The 
solid line represents a least squares fit 
of the data fiom the 100 pound per day 
pilot plant. Data from the 1 ton per day 
pilot plant aqree with this correlation. 
The dashed line is from a liquefaction 
kinetic model based on different levels 
of reactivity for different coal raacerals 
tied together by a network of co-pled 
chemical reactions. The agreene-L with 
the experimental data is en^eilent. In 
addition to reproduce these data for 
Illinois coal well, the kinetic model 

is also valid for describing the liquefac- 
tion of a Wyoming subbit ominous coal, 
use of a kinetic model and the hiqh q* 
ity of confirmatory data obtained frou. jo 
considerably different size pilot plants 
leads to a high l**vel of confidence in 
predicting the > Ids in the 250 ton per 
day pilot plant, which is now being built. 


The 250 ton per day pilot plant is an 
important part of the irtegrated program. 
The size of the pilot plant was minimized 
while maintaining consistency with commer- 
cial plant scale-up practices in the 
petroleum industry. Coking in the slurry 
prt*hi\if ■ *i , I l«*w <1 i si i i Inil »«*ri .md stability 


in I hr I i«;,ii<l,|t'l mu t«*.tiMm* aiuL«*f»k i u«| 

ass***’*’ 
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and entrainment in the vacuum distillation 
step were identified as critical areas. 
Satisfying eng ineel ing scale-up and opera- 
bility criteria for these areas determined 
the size of the unit. The design basis 
for the 250 ton per da} unit tw.s 1 een con- 
firmed from operations of the >ne ton per 
day pilot plant and this gives us added 
confidence in the successful operations of 
the larger unit. 

Actual operations of the 250 ton per 
day unit* which will begin in late 1979* 
will be aimed at ccn firming engineering 
scale-up criteria* determining the relia- 
bility of the preferred operation condi- 
tions* defining oractical operating 
limits for various process steps* and 
determining operating procedures in criti- 
cal process areas to allow smooth start- 
ups* shutdowns* and transitions from ^ne 
mode of operation to another. To achieve 
these objectives* the unit was designed 
with flexibility to accommodate 20 alter- 
nate modes of operation such as different 
coal feeds* different liquefaction reactor 
conf iguiations and different coal concen- 
trations. Analyses of the 250 ton per day 
pilot plant operations will provide an 
important part of the basis for a commer- 
cial plant design. 

PROJECT STATUS 

The present status of the EDS project 
can be summarized as follows: 

(1) The feasibility of basic process 
steps has been confirmed in laboratory 
studies in which over 30*000 hours of 
pilot unit operation have been logged. 
Liquefaction conditions for Illinois and 
Uyoming coals have been successfully de- 
fined in pilot plants processing both 
100 pou ds per day and one ton per day. 

In addition* the liquefaction conditions 
for two different lignites have been de- 
fined in the 100 pound per lay pilot 
plant. These studies have investigated 
variations in reactor temperature, pres- 
sure* residence time, treat gas rates and 
conposicicr> # and solvent composition. 

(2) The FLCXICOKING process step has 
been successfully operated on vacuum 
bottoms from Illinois coal in a two barrel 
per day pilot ^lant- Operations are now 
in progress with vacuum bottoms from 
Wyoming coal. This scale of operations 
parallels studies used in the commercial 
development o r FLEX ICOK ING for petroleum 
residua. 


(3/ Flexibility to vary the pror* ict 
distributicn by changing severity in the 
liquefaction reactor has been established. 
For example, the ratio of C 4 - 350 °f naph- 
tha to 350 o F+ fuel oil has been varied 
from 0.3 to 1.3. 

(4) Engineering studies utilizing re- 
sult?; f torn op<M.it inns o' t hi’ one tun per 
day |*i Ini | l.ml h.ivc confirmed i h« ei i I i — 



cal design b^s* 5 for the 2 bU ton per day 
pilot plant. 


(5) Comprehensive commercial plane 
study designs* involving 10 engineer years 
of effort* for Illinois and Wyoming coals* 
have been completed* These studies in- 
corporated the latest lat »ratory data de- 
fining the process steps and included 
provisions for coal preparation* steam* 
fuel gas and power generation ar«a product 
recovery. In addition* correlations have 
been developed which relate process re- 
sults to operating conditions and economic 
models have been developed to select opti- 
mum plant configuration and to predict 
cooBcrci.il plan! ccencr.ics. The so corre- 
lations and models allow us to stuoy "-he 
effect of princess conditions on commercial 
plant investment and operating r* «t. 

( 6 ) Product utilization studies arc in 

progress 1 o define the preferred commer- 
cial outlets and the trade-offs* if any* 
which will he necessary to insure effec- 
tive use. This work has primarily focused 
on end use testing* incorporation of prod- 
uct into existing fuel outlets, and 
product hydrotreating at different condi- 
tions. The coal naphtha is projected to 
make excellent gasoline cu^ents after 
catalytic reforming* and the 350°F to 
10Q0°F and 350°F + liquids meet current 
ASTO specifications for No. 4 and No. o 
fuel oils. Combustion testing in commer— 
eial ix|ui|«n'nt has been encouraging from 
the stand) oint of the completeness of fuel 
combustion. In addition, existing fwirt ie- 
u lat*- i*mi ssion si . 11 nl .11 .Is m**t witlnnil 

mvli.ni«Ml amid i I ieat ions lo • lie ««<|iii)mriit . 


In conclusion, the outlook for success- 
ful development of the EDS process is 
excellent and snail commercial plants 
eould be on-stream in the late 1930 *s, 
assuming that adequate commercial incen- 
tives exist. 
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LIQUEFACTION LIQUID YIELD, L8/100 LB DRV COAL 


Fig* 3* Liquefaction Liquid Yields for Illinois Coal 
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